Natural organic matter and iron export from the Tanner Moor, Austria  by Jirsa, Franz et al.
NF
F
a
b
A
R
R
2
A
A
K
P
C
N
D
D
I
i
g
c
n
d
T
t
f
t
i
r
i
t
c
1
t
a
t
0
hLimnologica 43 (2013) 239– 244
Contents lists available at SciVerse ScienceDirect
Limnologica
jou rn al hom ep age: www.elsev ier .com/ locate / l imno
atural  organic  matter  and  iron  export  from  the  Tanner  Moor,  Austria
ranz  Jirsaa,∗, Elisabeth  Neubauerb,  Richard  Kittingera, Thilo  Hofmannb, Regina  Krachlera,
rank von  der  Kammerb, Bernhard  K.  Kepplera
University of Vienna, Institute of Inorganic Chemistry, Währingerstrasse 42, 1090 Vienna, Austria
University of Vienna, Department of Environmental Geosciences, Althanstraße 14, 1090 Vienna, Austria
a  r  t  i  c  l e  i  n  f  o
rticle history:
eceived 23 September 2011
eceived in revised form
0 September 2012
ccepted  29 September 2012
vailable online 14 February 2013
eywords:
eat bog
a  b  s  t  r  a  c  t
Samples  from  a pristine  raised  peat  bog  runoff  in  Austria,  the Tannermoor  creek,  were  analysed  for  their
iron  linked  to  natural  organic  matter  (NOM)  content.  Dissolved  organic  carbon  < 0.45  m  (DOC)  was
41–64  mg  L−1, iron 4.4–5.5  mg  L−1.  Samples  were  analysed  applying  asymmetric  ﬁeld  ﬂow  fractionation
(AsFlFFF)  coupled  to  UV–vis  absorption,  ﬂuorescence  and inductively  coupled  plasma  mass  spectrome-
try  (ICP-MS).  The  samples  showed  an  iron  peak  associated  with  the  NOM  peak,  one  sample  exhibiting  a
second  peak  of iron independent  from  the  NOM  peak.  As highland  peat  bogs  with  similar  climatic  con-
ditions  and  vegetation  to the  Tanner  Moor  are  found  throughout  the  world,  including  areas  adjacent  to
the  sea,  we examined  the  behaviour  of  NOM  and  iron  in samples  brought  to euhaline  (35‰) conditionsomplexed iron
OM
OM
OC
with  artiﬁcial  sea  salt.  The  enhanced  ionic  strength  reduced  NOM  by  53%  and  iron  by 82%. Size  exclusion
chromatography  (SEC)  of  the  samples  at sea-like  salinity  revealed  two  major  fractions  of NOM  associated
with  different  iron  concentrations.  The  larger  one,  eluting  sharply  after  the  upper  exclusion  limits  of
4000–5000  g mol−1, seems  to be  most  important  for iron  chelating.  The  results  outline  the  global  impor-
tance  of  sub-mountainous  and mountainous  raised  peat  bogs  as a source  of iron  chelators  to  the marine
environment  at sites  where  such  peat  bogs  release  their  run-offs  into  the  sea.ntroduction
Natural organic matter (NOM) has many important functions
n surface-water systems (Battin et al. 2009) and is of mixed ori-
in (Micic et al. 2011). These functions include, among others, the
o-transport of metals and the stabilization or destabilization of
atural colloids, depending on its concentration (Laglera and van
en Berg 2009; Kumpulainen et al. 2008; Yang et al. 2010, 2011).
he NOM content of surface waters depends on many different fac-
ors. Dissolved organic matter (DOM) is technically deﬁned as the
raction of NOM passing a <0.45 m ﬁlter. Typical DOM concentra-
ions vary between 1 and 50 mg  L−1. DOM is part of the carbon cycle
n aquatic systems and is connected via various physico-chemical
eactions with other carbon compartments, such as organic carbon
n biota, inorganic carbon and the particulate organic carbon frac-
ion (Sigg and Stumm 1994). A high percentage of DOM (50–90%)
onsists of humic substances (HS) (Farjalla et al. 2009; Thurman
985), a class of compounds which has been of interest to genera-
ions of scientists due to its manifold properties. In 1936, Waksman
nd Hutchings (1936) already described one possible natural syn-
hesis of humic substances from lignin by microorganisms. Since
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then other kinds of natural HS formation have been described.
Stevenson (1994) outlined three major possibilities for natural
synthesis. All have one thing in common: the oxidative decomposi-
tion of organic material leading to reactive intermediate products,
which in turn react with other intermediate products (MacCarthy
2001). Following this theory Ziechmann (1996) described humic
substances as being the result of a more or less accidental chain of
reactions. This makes it very difﬁcult to present a general formula
to describe their chemical structure. Attempts to identify individ-
ual formulas of constituents have been made, amongst others, by
Stenson et al. (2003). That attempt revealed 5000 different formulas
from one river in the USA and demonstrating the immense diversity
of chemical structures within this group of compounds.
Moreover, humic particles are assumed to have an individual
structure within the so-called humic system, which consists of
humics and integrated non-humics interacting via weak chemical
bounds. Planar marginal groups with chinoid or phenolic character
are thought to stabilize the humic system through weak chemical
interactions in between humic particles Ziechmann (1972, 1996).
The character of binding sites for non-humics, especially for metal
ions, is not fully understood, but there is strong evidence that
Open access under CC BY-NC-ND license. electrostatic attraction of humic matter as well as abundant sites
formed by oxygen-containing ligands, such as carboxylic, phenolic
or other weak acid groups, are major factors (Tipping 2002). This
ability of humic substances to act as chelators for metals is one of
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samples as NPOC – non purgeable organic carbon – with a TOC-VCPHFig. 1. Geographical situation of the Tannermoor in Austria
heir outstanding properties. Apart from the previously mentioned
ffects on electrostatic and non-electrostatic stabilization of col-
oids, this property enhances the metal-carrying capacity of ﬂuvial
ystems (Stolpe and Hassellov 2007).
During estuarine mixing the particulate and dissolved inorganic
nd organic matter >10 kD ﬂocculate due to the major change in pH
nd, most importantly, to the ionic strength of the water (Dai and
artin 1995). Therefore, the global river input of bio-available iron
o the ocean has been estimated to be marginal (De Baar and De Jong
001). Recent evidence from the Mississippi River plume, however,
hows that certain organic iron complexes escape the estuarine
ixing zone and contribute essentially to the fertility of coastal
aters (Rose and Waite 2003; Powell and Wilson-Finelli 2003).
o date the form in which colloidal iron is bioavailable remains
nclear, but it is apparently accessible to microorganisms relying
n siderophore-based transport systems (Batchelli et al. 2010). The
et bioavailability and reactivity of iron can also be increased by
hoto chemical reactions of iron–organic–ligand complexes, such
s direct photolysis via light absorption and ligand-to-metal charge
ransfer, or secondary reactions with photochemically produced
adicals (Barbeau 2006).
It  has been shown that approximately 22% of the original iron
oad of humic rich peat bog water remains soluble at sea-like salin-
ties in water from peat bogs in Austria and Scotland (Krachler et al.
005, 2010) after being mixed with artiﬁcial and natural sea water.
herefore, iron fertilization by humic-rich rivers of coastal regions
ight play a yet underestimated role.
In addition, terrestrially derived humic substances apparently
lay a major role as chelators for iron and other trace metals
Laglera and van den Berg 2009) in the marine environment. This
olds true especially for high nutrient low chlorophyll (HNLC)
reas where iron limits primary production (Breitbarth et al.
010).
The Tanner Moor, a pristine submountainous raised peat bog in
ower Austria, releases water with elevated NOM and iron content
Krachler et al. 2005). Highland peat bogs subject to similar climatic
onditions and vegetation are found throughout the world, includ-
ng regions adjoining the marine environment. This calls for more
losely examining the connections between particle size and metal-
inding capability of NOM < 0.45 m in original samples from the
anner Moor as well as in water samples brought to euhaline con-
itions. This approach could help to understand the inﬂuence ofo of the lake “Rubener Teich” fed by the Tannermoor creek.
terrestrially derived humic substances for the marine environment
everywhere, where such peat bogs release their runoff into coastal
waters.
Materials and methods
Sampling  site
The  Tanner Moor (Fig. 1, 48◦30′31′′N, and 14◦51′49′′E) is one
of the largest raised peat bogs in Austria covering a total area
of 1.2 km2. It was formed at the end of the last glacial period,
app. 12,000 years ago, at an altitude of 930 m above sea level.
This pristine area is now a protected conservation area within the
NATURA2000 convention of the European Union. Its higher vegeta-
tion is dominated by the mountain pine Pinus mugo, which covers
about 1.0 km2. Common spruce Picea abies also surrounds the area.
Deciduous trees are represented by the silver birch Betula pendula
and the downy birch Betula pubescens (Liebenau 2010). The site can
be classiﬁed as a typical krummholz-raised-peat-bog in submoun-
tainous and mountainous locations, comparable to other peat bogs
of Central- and Eastern Europe, as described by Neuhäusl (1972).
Sampling  and analysis
Water  samples were taken from the main brook draining the
bog into a pond in March 2009 and 2010. The runoff conditions
on both dates were similar, with remnant snow on the ground,
but ice-free surface waters. The pH, speciﬁc conductance and dis-
solved oxygen saturation were determined in situ using portable
instruments (WTW). Samples for further analysis were taken with
a polyethylene (PE) dipper into acid prewashed PE bottles that were
rinsed with bog water three times in situ, before being ﬁlled, and
transported to the laboratory cooled, where they were immediately
ﬁltered through 0.45 m cellulose–acetate ﬁlters (Sartorius).
DOC  and element analyses
Dissolved  organic carbon (DOC) was measured from the ﬁlteredtotal organic carbon analyser (Shimadzu), bringing the samples to
pH ≈ 2 with HCl (p.a. by Fluka) and sparging them with carrier gas
for 5 min  prior to combustion. A potassium hydrogen phthalate
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Table 1
Salts  used for fall out experiments, composition as proposed by Kester et al. (1967)
for natural sea water.
Salt Mass (g L−1)
NaCl 23.926
MgCl2·6H2O 10.831
CaCl2·2H2O 1.518
Na2SO4 4.008
KCl 0.667
NaHCO3 0.196
KBr 0.098
H3BO3 0.026
SrCl2·6H2O 0.024
NaF 0.003
Table 2
AsFIFFF and ICP-MS operational parameters.
RF power (W)  1550 tip to tip channel length (cm) 19.5
Focus  ﬂow rate (mL min−1) 1.5
Focus  time (min) 2
Channel  ﬂow rate (mL  min−1) 1
Cross  ﬂow rate (mL  min−1) 1.5
Carrier  gas (L min−1) 1.04 (Ar)
Collision  cell gas (mL min−1) 4 (He)F. Jirsa et al. / Limno
olution was used for calibration; the accuracy was  tested to be
5%. Concentrations of the 28 most probably occurring elements
metals, silicium and phosphor) were determined using inductively
oupled plasma–optical emission spectrometry (ICP-OES) (Optima
300 DL, Perkin-Elmer) using Rh as internal reference standard,
howing a recovery range between 95 and 105%.
sFlFFF – UV–vis absorption – ﬂuorescence – ICP-MS
Flow ﬁeld ﬂow fractionation has been widely used to character-
ze of aquatic colloids and macromolecules (Plathe et al. 2010; von
er Kammer et al. 2011, and references therein). The fractionator
sed was a model Eclipse 3+ Asymmetric Flow Field Flow Frac-
ionation (AsFlFFF) from Wyatt Technology (Dernbach, Germany).
 polytetraﬂuoroethylene spacer of 0.75 mm height determined
rea, shape and height of the channel in which the fraction-
tion took place. The accumulation wall consisted of a 300 g mol−1
ominal cut-off polyether sulfone membrane (Postnova Analytics,
andsberg, Germany). Flows were controlled with an Agilent Tech-
ologies 1200 series isocratic pump equipped with a micro-vacuum
egasser. In order to maximize sample recovery a 0.6 mM  ammo-
ium carbonate solution was used as carrier liquid. The AsFlFFF was
oupled to a multiwavelength ultraviolet/visible (UV–vis) diode
rray detector (DAD, Agilent Technologies 1200 series, absorption
avelength 250 nm), and a ﬂuorescence detector (Agilent Tech-
ologies 1200 series, excitation 250 nm,  emission 410 nm). AsFlFFF
arameters and run speciﬁcations are given in detail in Table 2. A
otal of 100 L sample solution was injected for each analysis. To
nalyse iron in the water samples, the AsFlFFF system was  coupled
o an ICP-MS (Agilent Technologies 7700×). Prior to sample analy-
is at the ICP-MS a multi-point calibration was performed. Iron was
alibrated with the coupled AsFlFFF. The standards were injected
ia a switch valve that was installed between the diode array detec-
or and the ICP-MS. As indicated in Table 2 (AsFIFFF and ICP-MS
perational parameters) a collision cell with He as cell gas was
sed. Recovery runs were performed by injecting samples without
he application of a cross ﬂow. The plots of signal versus elution
olume were integrated using the OriginPro 7.5 software (Origin-
ab Corporation, Northampton, USA). This yielded the peak area, as
escribed in Neubauer et al. (2011). The recovery percentage (R%)
or all measured signals was calculated using
% =
(
A
A0 × x
)
× 100
where A is the peak area of the sample’s fractogram, A0 is the
orresponding area for the recovery run with no cross ﬂow, and x is
he correction factor for the recovery samples which were injected
ith typically one twelfth of the sample load. In order to test the
eproducibility of the analysis, sample Tan 2009 was injected twice,
nd recovery runs were performed in triplicate. Standard devia-
ion for the measured iron in the replicates was <5% and <3% for
he UV–vis and the ﬂuorescence signal, respectively. The concen-
rations of the Fe standard solutions ranged from 2.5 to 150 g L−1.
efore injection to ICP-MS, the efﬂuent passed through an inter-
ace where Rhodium (10 g L−1) was mixed into the sample stream
s internal standard. Table 2 also summarizes the ICP-MS instru-
ent settings and operating parameters. A series of polystyrene
ulfonate (PSS Polymer Standards Service GmbH, Mainz, Germany)
as used for molecular weight calibration (1100, 3610, 10,600,
3,900, 145,000 g mol−1). The molecular weight of the colloids was
alculated after several runs of the samples and the PSS at different
onic strengths of the mobile phase in order to account for different
article–membrane interactions (Neubauer et al. 2011).Dwell  time (s) 0.1
Isotopes 56Fe, 57Fe, 103Rh
Salting-out experiments
Filtered  water samples were brought to marine-like saline con-
ditions (35‰) using a mixture of ten different salts, containing the
major components of sea salt, as proposed by Kester et al. (1967)
(Table 1). Eight litres of sample were put on a shaker in a 10 L
PE bottle for 10 days, aerating the content once a day to guaran-
tee oxygen saturation over the whole period of time, in order to
simulate conditions in the coastal mixing zone. To determine the
minimum reaction time to reach equilibrium of precipitated and
soluble components for this mixture, 30 mL  of the mixture were
sampled, ﬁltered and analysed daily for their iron and DOC con-
tent. As reference eight litres of ﬁltered unsalted sample were put
on the shaker simultaneously to the salted sample and DOC and
iron was  measured daily in there as well. The whole experiment
was conducted in the laboratory, no sunlight allowed, to avoid
photochemical reactions.
Solid  phase extraction (SPE)
Experiments using AsFIFFF showed only one NOM  peak which
was not further resolvable. We  therefore decided to use size exclu-
sion chromatography (SEC), to determine whether different size
fractions of NOM in connection with different iron content could
be identiﬁed in euhaline samples. To gain sufﬁcient quantities
of samples for iron measurement with ICP-OES and to desalt
them, samples were concentrated with solid phase extraction (SPE)
before further analyses following Louchouarn et al. (2000). After
the determined optimal reaction time of 3 days with the sea salt,
the still soluble organic matter (DOM) was extracted from the sam-
ples after ﬁltering (0.45 m)  and adjusting the pH ≈ 2.0 with HCL
(Fluka). To avoid the dissociation of the DOM–iron complexes due
to the lower pH, which has been described by van Schaik et al.
(2008) as very slow, the sample was pumped through a C18-SPE-
cartridge (C-18 Mega Bond Elute/40 g sorbent by Varian) with a
velocity of 50 mL  min−1 immediately after acidiﬁcation. After rins-
ing the cartridge with diluted HCl (pH ≈ 2.0) the cartridge was
stored at 4 ◦C until further processing.
For  size exclusion chromatography the DOM  was eluted from
the column with 100 mL  methanol. The thus obtained sample was
242 F.  Jirsa et al. / Limnologica 43 (2013) 239– 244
Table  3
Physico-chemical parameters of the two samples from the Tannermoor creek.
Parameter TAN 2009 TAN 2010
pH 6.4 5.2
Speciﬁc conductance (S cm−1) 42  38
Oxygen saturation (%) 98 95
DOC (mg  L−1) 41.0 64.3
Na (mg  L−1) 1.2 0.9
K (mg  L−1) 0.5 0.5
Mg (mg  L−1) 4.9 5.2
Ca (mg  L−1) 6.3 6.6
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oncentrated to 5 mL  on a rotavapor and then diluted with H2O
Millipore) to 100 mL.  Recovery rates for DOC using SPE were
ssumed to app. 40% as shown by Dittmar et al. (2008) for extrac-
ions of DOC from natural seawater.
ize exclusion chromatography (SEC)
After preoperational experiments to optimize separation, the
ollowing parameters were used: A 50 cm long column by GE
ealthcare 1 cm in diameter, loaded with Sephadex-LH 20 by
E Healthcare (exclusion limit 4000–5000 g mol−1) as separation
edium, a Pharmacia-6000 pistonpump providing a 0.5 mL  m−1
ow rate and 5%Vol methanol in water as eluent. A UV–vis spec-
rometer (Lambda 35 by Perkin Elmer) with a 0.2 mm ﬂow-through
uvette was used as detector, extinction was measured at a
avelength of 242 nm.  Acetone (58.08 g mol−1) and Blue Dextran
2000,000 g mol−1) both from Sigma Aldrich, were used to deter-
ine the retention times for the limits of size exclusion. Due to the
ifﬁculties in precisely determining the molecular weight of humic
ubstances (Cabaniss et al. 2000) we made no attempt to calibrate
he SEC. Iron in the eluted fractions was determined using ICP OES.
esults and discussion
hysico  chemical properties and ASIFF characteristics of the
ltered  samples
Physico-chemical data of two samples from the Tanner Moor
re given in Table 3, showing the most abundant of the analysed
lements. The relatively low content of dissolved ions and low pH
re characteristic for the poorly soluble granite and gneiss geolog-
cal setting of the Bohemian Massif (Walter and Dorn 1995). This
lso reﬂects the activity of peat mosses, which use ion exchange to
Fig. 2. Chromatograms of the ASFFF of TaFig. 3. DOC and Fe concentrations during the salting-out experiments with Tanner-
moor samples and artiﬁcial sea salt prepared after Kester et al. (1967).
recover nutrients in exchange for protons from the waterphase of
the moor and thus enhance its acidity (Gerken 1983). Due to the
location in a peat bog the DOC is relatively high (approximately
40 mg  L−1), compared to large world rivers (Meybeck 1982), but
is in the range of other peat-draining surface waters (Baum et al.
2007; Gibson et al. 2009).
Recoveries  for iron, UV–vis and ﬂuorescence in Tan 2009 were
96%, 28% and 33% respectively. The corresponding values in Tan
2010 were 77%, 96% and 82%. Note that neither chromophores
nor ﬂuorophores are evenly distributed over the molecular weight
range covered in AsFlFFF analysis. Many factors affect the loss
of natural organic matter in FlowFFF analysis most importantly
membrane adsorption and loss through the membrane (com-
pare Neubauer et al. 2011). Molecules smaller than the cut-off
for the membrane (300 g mol−1 in our analysis) may leave the
channel through the membrane. Ultraﬁltration analysis for sample
Tan 2009 showed that 46% of the organic carbon passed through
1000 g mol−1 ultraﬁltration membranes, but almost none of the
iron (<1%). This result suggests that sample Tan 2009 contains a high
fraction of very small-sized organic molecules that do not bind iron.
This might explain the formation of the iron-dominated colloids.
We  characterized the size distribution of Tan 2009 and Tan 2010
with AsFlFFF-ICM-MS. Fig. 2 shows the elution pattern of the UV–vis
absorption, ﬂuorescence and the iron signal. In the observed size
region (approximately one nanometer to some 10 nanometers)
the true light absorption by NOM and the weak light scattering
n 2009 (left) + 2010 (right) samples.
F. Jirsa et al. / Limnologica 43 (2013) 239– 244 243
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dFig. 4. Size exclusion chromatogram of the Tannermoor sample 2010 after sa
xpected from like-sized particles at the chosen wavelength makes
he UV–vis detection nearly selective for NOM (von der Kammer
t al. 2005). Tan 2010 shows a single peak. The ﬂuorescence signal
epicts only the smaller-sized organic molecules, whereas UV–vis
bsorption portrays a wider range of molecular sizes in the sam-
le. Iron coincides with the NOM, indicating iron complexed by the
rganic macromolecules. In sample Tan 2009 iron has two  clearly
eparated peaks. The ﬁrst, smaller peak at app. 1600 g mol−1 elutes
ogether with the NOM peak, indicating iron complexation by NOM.
he second iron peak at a higher molecular weight (approximately
2,000 g mol−1) represents another source of iron in this sample
nd potentially represents small-sized iron minerals. The occur-
ence or absence of such particles was also observed by Batchelli
t al. (2010) in different samples from a peat draining river in Scot-
and. The mechanism behind the formation of NOM or a NOM-FeOx
ystem in the Tannermoor remains unknown, but ongoing investi-
ation in the lab should shed light on this issue in the near future.
onetheless, the coexistence of iron and organic matter inﬂuences
oth metal speciation (Hassellöv and von der Kammer 2008; Lyvén
t al. 2003) as well as the fraction of iron that can escape the estu-
rine mixing zone.
alting-out  experiments
The  results of the salting-out experiments (Fig. 3) show the
apid ﬂocculation and precipitation of most part of the DOM mea-
ured as DOC (53.3%) and iron (82.1%) in the euhaline samples
ue to the change in ionic strength. These ﬁndings support the
esults of earlier investigations by, amongst others, Eckert and
holkovitz (1976), Sholkovitz (1976) and Boyle et al. (1977). The
oss in DOC and dissolved iron is signiﬁcantly lower in the ref-
rence versus the salted sample (13.2% and 9.5% respectively). It
an be explained by the oxic degradation of humic particles and
he oxidation of released Fe(II) and subsequent co-precipitation
ith DOC. The percentage of soluble iron we found under euha-
ine conditions here is also comparable to the results of Krachler
t al. (2005) and Krachler et al. (2010). Those authors measured
ron characteristics with an Fe59 tracer method in river water from
he Tanner Moor and in water samples from Scotland during mix-
ng experiments with artiﬁcial and natural sea water, in which
bout 22% of the dissolved iron remained soluble at euhaline con-
itions.xperiments (line) combined with the iron content of the fractions (columns).
SEC  and iron analyses of euhaline samples
The best achieved size exclusion chromatogram of the “salted
out” samples of TAN 2010 overlaid with the iron content of the
collected fractions is shown in Fig. 4. TAN 2009 showed an almost
identical pattern, the graph is shown as supplementary material
at www.pangaea.de. The peak time of the band for Blue Dextran
was  4100 s, for acetone 13,530 s. This shows that all the DOM  frac-
tions eluted within the exclusion limits of Sephadex LH-20 and
had a molecular weight <4000–5000 g mol−1. It also suggests no
adsorption between stationary phase and solute. The two major
DOM bands are clearly separated indicating the presence of two
major size classes of humic particles: the larger one appears to be
associated with the largest iron fraction in the sample, whereas the
smaller colloids seem to be less important for iron bonding. The
shoulder of the ﬁrst band clearly suggests the presence of more than
one size class of colloids, which were not separated with the ana-
lytical setup used. These results echo those of Huber et al. (2011),
who investigated natural river water and described an identical
shoulder at the humic substances peak. Those authors referred to
this peak as “building blocks”, humic substance-like material of
lower molecular weight, which cannot be removed by ﬂoccula-
tion. Piccolo et al. (1992) described the relatively weak resolution
of the column separation of humic substances derived from coal
in the small size classes of ultraﬁltrates (500–10,000 g mol−1) with
UV detection, requiring to ﬁnd another detection device for future
investigations.
Although laboratory studies on iron colloid formation in the
presence of NOM are available, e.g. Bauer and Blodau (2009), Pullin
and Cabaniss (2003), there is a strong need to bridge the gap
between lab materials and understanding highly complex natu-
ral systems. A large number of environmental parameters such as
type of source soil, temperature, changing redox conditions due to
drought and rewetting, as well as the dilution and concentration of
colloids, etc. might inﬂuence colloid formation.
Our samples showed that the Tannermoor is a source of organic
ligands for iron that remains stable under euhaline conditions. This
points to a high relevance of similarly raised peat bogs as sources
for iron–humic complexes, wherever such bogs release their runoff
into marine coastal waters. Further investigation is needed to eluci-
date the chemical composition of these compounds to enhance our
understanding of terrestrially derived DOM chelated iron in marine
systems.
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